LA-UR -85-2272 stz By P 1 05 886
COIE- SO0 <~ ;_l

MASFER

Los Aiamos National Laboratory 8 operamd by the Unwersity of Caidorma for the Unned States Department ot Energy under contract W-T405-ENG-36

LA-UR--85-2272
DE85 014072

TTLE THE WNR/PSR FACILITY - NEU1RON PHYSICS CAPABILITIES FROM
SUB-THERMAL TO B0O MEV

AUTHOR(S) P. W. Lisowski, S. A. Wender, and G. F. Auchampaugh

suBMITTEDTO The International Conference on Nuclear Data for Basic and
Applied Science
Santa, Fe, New Mexico, May 13-17, 1985

DISCLAIMER

This report was prepared as an acco'int of work sponsored by an agency of the United States
Goverpment. Neither the United States Government nor any agency thereof, nor any of their
cemployees, makes sny warranty, cxpress or implied, or assumes sny legal lisbility or responsi-
hility for the accuracy, completeneas, or usefulness of any information, apparatus, product, or
provesa disclosed, or represonts that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, procesa, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsemer.t, recom-
mondation, or favoring by 1 ¢ United States Government or any agency thereof. The views
and opinions of suthorm expressed herein do not necessarily state or reflect those of the
Unitod Statea Government or any ngoency theronf.

Ny avceptanie ohine arhicie the pubhaher recognizes that the U S Government relains a nonenciusive royally free hcense to puhhsh of reprodut @
e pt sheg torm of they conteaibution o to 8llow others to do so tor US Government purposes

Tre [on siam o8 Nabonal Laboratory reguests that the publigher ideniity this article as wors perlarmed under the auspices of the U S Department of E nergy

LOS A\BANOS Loshiamos National Laboratory

AT N AR NETRIBUTION OF THIS DOCUMENT I8 UNLIMIIW Q)U»‘)


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


THE WNR/PSR FACILITY - NEUTRON PHYSICS CAPABILITIES FROM
SUB-THERMAL TO 800 MEV

P.W. Lisowski, S.A. Wender, and G.F. Auchampaugh
Los Alamos National Laboratory, Los Alamos,
New Mexico 87545

Abstiact The Weapons Neutron Research facility (WNR) is a
versatile pulsed neutron source used in a variety of
research programs ranging from fundamental neutron
properties with ultra cold neutrons to medium energy charge
exchange reaction studies. Here we describe the WNR
facility and the improvements presently in progress as the
Proton Storage Ring (PSR) becomes operational.

INTRODUCTION

The Weapons Neutron Research facility (UNR)]"Z'3 has been
operational since 1977 as a pulsed spallation neutrorn source at
Los Alamos National Laboratcry. At the WNR a part of the 800 MeV
proton beam from the Clinton P. Anderson Meson Physics Facilicy
(LAMPF) ras been used used to either provide a white neutron
source for Nuclear Physics and Condensed HMatter research or for
proton indiced reaction studies. At present the facility is beiny
given significantly enhanced capabilities. First, the Proton
Storage Ring (PSR), operational in 1985, will provide greatly
improved intersity, time structvre, and repetition rate for
neutron experiments {n the thermal and epithermal energy range.
Second, an additional target area is being constructed for Nuclear
Physics experiments which wil]l take advantage of multiplexed
operation and forward angle flight-paths to greatly enhance the
fast-neutron flux over that presently available. Finglly, an
ultra-cold neutron (UCN) source using neutrons from a neutrino
production target located south of the WNR/PSR complex is under
development. In this paper we plan to review the WNR/PSR
operating characteristics {llustrated by some recent experimental
results.

FACILITY DEC<KIPTION

The WNR/PSR l'acility {s one of seveoral target areas located at
LAMPF. LAMPF {s an 800 MeV proton linac vhich simultaneously
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accelarates pulsed beams of H' and H™ ions vith a macroscopic
frequency of 120 Hz and a macropulse length of approximately 833
microssconds. Because the first stage of acceleration operates at
201 MHz, the mccropulsc has a sub-structure consisting of
micropulses vhich are separated by 5 ns. The beam from 1LAMPF to
the WUNR can be provided either as macropulses, sections of
macropulses, or as macropulses which have been chopped to leave
micropulses with a minimum separation of 360 ns. After
acceleration, the proton beam is deflected from LAMPF to the
WNR/PSR using a pulsed or kicker magnet which will operate at up
to 120 Hz.

The layout of the WNR/PSR is shown in Figure 1. Basically,
there are four experimental areas, Target-1l, a high-current area
which is fed by the Proton Storage Ring (PSR), Target-2, a low-
current. low-return room with an external proton beam capability.
Target-4, a medium-current fast-neutron nuclear physics targer
area., and an ultra-cold neutron soucrce located above a neutrino
physics production facility to the south of the WNR/PSR complex.
Neither Target-4 nor the UTN area are shown in Figure 1.
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FIGURE 1 The layout of the WNR/PSR facility. The beam from LAMPF
enters from the right. The UCN and Target-4 areas are not shown,

but are lecated to the south of the complex aluong the proton beam

line from TAMPF and on an extension of the beam line into the Jow-
currert target, reapectively.
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Proton Storage Ring

The pulsed proton beam delivered to the WNR directly from LAMPF is
too low in peak intensity to &llov the usa of short pulses at a
low enough repetition rate to be well suited to condensed matter
and lov-energy neutron physics ressarch. The PSR acts as a proton
accumulator, converting the long linac pulses into appropriately
short, very intense bursts at a low repetition rate. This then
allows time-of-flight experiments with lowv-energy neutrons to be
conducted with sufficient pulse spacing to avoid frame overlap
through the neutron energy range of irtersst. Although fast-
neutron experiments will not use the PSR beam ac the present time,
improvements to the LAMPF chopper, beam transport system, and beam
muitiplexing systam as a resul~ of PSR technology have made s
dramatic increase in the beam current available for fast-neutron
physics. This may be seen in Table 1 which compares proton beam
operating conditions for the WNR with and without the PSR.

TABLE 1 LAMPF and WNR proton beam characteristics

LAMPF PRE-P3R PRE- PSR POST - PSR POST-PSR
MACRO-PULSE MICRC-PULSE MACRO-PULSE KICRO-PULSE
MODE MODE MCDE MODE

protons puLsE  52x 102 28x10" 50x107 52x10®  30x10°
PULSE WIPTH 833 us 5 wus 200 ps 270 ns 200 ps
seeerivion Rate 120 Hz 120 Hz 10000* 12 Hz 58000*

proToNs spconp 6 25x 107 T4x 107 50x 10" €25x 10 18x10%
WERACE

AERAGE PROTON | ITIA $4 uA 80 nA 100 uA 28 uA
CURRENT

% ®iTH | e SEPANATION DuR .. LAMPF MACROPULSE

During PSR/WUNR operation. the H  beam is Adeflected from the
linac by a pulsed magnet into a drift tube leading to the WNR/P5R
complex A second pulsed nagnet can then deflect the beam into
the PSR In order to tranaport the beam into the PSR a stripper
magnet is used to selectively remove one electron cunverting the
H™ to H® with high efficiency allowing the beam to enter the FSR
ring through a magnet. Beam {s then accumvlated and raturned to
line-D after a foil stripper which converts the beam to H' for
transport to the WNR targe:s.

Constructioir of the SR was begun in early 1982 and the
complex is currently {n operativn. A progr-ssziva curr:nt incresse
is planned with up to 100 microamperes planned for the WNR ta.ge:
by the full of 1986
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The high-current target area has recently been upgrsdoda to sccept
as much as 200 microamperes of 800-MeV proton beam. Here the
target-moderator and flight path geometry has been optimized to
use the PSR beam structure of 270 ns at 12 Hz to produce an
intengse thermal and epithermal source, useful for both condensed
matter and low-energy neutron nuclear physics studies.

This area has a split target-moderator-reflector (TMR)
assembly located in the center of a 2-a high, 1-m diam. cylin-
drical void, and surrounded by a 4.2-m thick iron and laminated
iron-concrete biological shield. The TMR geometry will
eventually permit up to 17 neutron flight paths to operate
simultaneously with six separately optimized moderators. As
shgwn in Figure 2 the neutron flight paths view the moderators at
90~ to the incident proton beam. and the target is splict so thar
experiments do not view the central neutron-oroducing target
directly. thus reducing fast neutrcen background. Initial modera-
tors will include two conventional poisoned ambient water

(wostasron ® agr.uc 0.

winG MODESATORS

FIGURE 2 The WNR high-current
TMR configuration. The present
arrangement has twelve flight
paths viewing the flux-trap

Eg%g . - moderators. Future flight
) meviesee 3y e g paths would view wing moder-
LODERATORS 3] ators which would be installed
in the upper target positior

]

LOWER TARQEY

moderators. a 20° K liquid H- cold moderator, and a high-
resolution mcderator decoupled at 3 eV which has been optimized
for epithermal neutron experiments. For the ambient water
moderators preliminary calculations of neutron irtensities and
pulse widths for the flux-trap geometry are shown in Figures 3 and
4. With this choice. the spectrum is Maxwell-Boltzman at thermal.
but is proportional ro 1/% at epithermal energies. 1In
addition, the pulse width i{s inversely proportional to velocity at
epithermal energies so that Time-of-Flight (TOF) experiments have
constant energy resolution in that energy regime.

The existing low-current target. labelled as target-2 in Figure 1.
is shielded for up to 100 nanoamperes of proton beam. This roon
is designed to reduce room return by having a low-nass floor and a
6-meter wall-to-center spacing Because of the flexibilicy of
design, many djfferent experiments have been performed in this
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FIGURE 3 Calculated neutron
spectrum emitted ot 90° to the
moderator surface from the WNR
flux-trap TMR.
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area Most recently, theorecvical predicrions of target-moderator
neution output for the upgraded WNR/PSR target system haze been
tested” and a variety of proton-induced reaction studies” have
been carried out.

The target-moderator mensutements5 were performed using a
vertical. well shielded 5 6-m flight path located in the center of
Target-2 The neutron detection scheme for those experiments has
been to use a BF, proportional countgr to detect moderated
neutrons in the iine-of<sight and a “"He counter to measure the
neutron fatensity and rime profile by scattering from a pyrolyric
graphite crystal.

Meagurements of fast neutron spectra using the chopped. or
micropulse beam have been made using a target changer placed at
the cencer of the room vith neutron detectors positioned outside
on flight paths of approximately 30 meters. These experiments
have typirally been performed to test Intranuclear Cascade
calculationa. For such experiments angular distributions at
angles of 7.5° 15°2, 30°. 45°, and 60° are possible. Shown in
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Figure 5 are double differential cross sections for the 238U(p.xn)
reaction at angles of 7.5°, 15°. and 30° re-ently obtginad” using
Target-2.

By removing the beam pipe and allowing the proton beam to
pass through the &ir, it is possible to have an extern2l proton
beam in the center of the room for various test set-ups and
irradiations. For example, beam-pulze timing tests’ which
measured the proton micropulse widich to be 200 ps FWHM were
performed by measuring the time spread of the Cherenkov light from

a lucite rod coupled to a photodiode inserted in the beam in this
area.
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FIGURE 5 Double differential cross secrions for 238U(p.xn"l at BOO
MeV obtained using Target-2. The histograms are Intranuclesr
Cascade calculations.

Targeg-«

In order to provide a source of fast neutrons for Nuclaar Physics
experiments. & new white source facility is under construction at
the WNR/PSR. A layout of this area is shown in Figure €6 and can
ke seen to be )Jocated on an extension of the beam transport system
for Targe:-2. In this facllity. there are three impurtant
features. First, the flexibility of the existing Target-2
arrangement will be maintained by using an 8° bencing magnet to
elevate the new white-source flight paths above thuse of Target-2.
as {llustrated in Figure 7. Second, a high-resclution small-angle
(p.n) experimental facility located along Line-D at WNR, which had
to be mcved because of conflict with the Neutrino Facility, can te



WNR/PSR FACILITY - NEUTRON PHYSICS FROM SUB-THERMAL TO 800 MEV

FIGURE 6 The laysut of
the UNR Target-4 wvhite-
neutron source. The
detector atation located
on the 30° (right)
flighc path is planned
for (n.,x ) experiments,
the one on the 15°
(laft) for (n p)
experimants.

OETECTOR BTATION

orerated simultanevusly with the white source in this area.
Third. the neutron flight paths for the new facility view the
production target at forward angles instead of 90° as in the old
Target-1 arrangemenct, thus providing a source extending to nearly
800 MeV with greatly increased noutron intensicry above aboutr 20
MeV.

Target-4 will have seven flight paths viewing the production
target at angles ranging from 15° to 90°. The neutron source
strengths at angles of 30° and 112° are shown in Figure 8. Thase
results were computed from measured thin-target cross sections
for 15-cm thick targets. Comparing 30° and 112° results for
copper shows that the source strength for forvard angles remains
nearly conatant to 500 MeV; furthermore, there is more than an
order of magnitude more intensity for neutrons with energies above
60 meV. The molid curve in Figure B gives the yield for the most
intense laboratory source of noBoenergetlc :leutrons, cthe H(t,.n)
reaction. Here the calculation’ was performed with a pulsed beam
current of 0.5 microampere of tritium beam. The more
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FIGURE 7 A side view of WNR Target-4. The proton beam is
deflected 8° up into Target-4 from Target-2. The target changer
for high resolution (p,n) experiments is located in the magnet.
For measurements at angles greater than 8°, the proton beam is
bent down into the team dump.

co?mon 14 MeV source, the d-T resonance reaction would yield about
10® n/s/sr/MeV. For comparison with an existing ghite source
facility, Figure 9 shovs 5he number of neutrons/cm“/sec versus
reutron energy for ORELA1 and WNR Target-4. In this compariscn,
similar to that in Reference 3, the overall timing for detected
neutrons was taken to be 1 ns for WNR and 5 ns for ORELA. The
numbers in parenthesis give the number of pulses and thz flight
path needed to maintain an energy resolution of 8.8x10°". Other
parameters used in the calculation are given in Table 2.

Target-4 construction is planned tc start in late May of
1985 with three flight paths to be implemented in time for
experiments to be performed during the 1986 LAMPF Cycle. The
three flight paths to be implemented are a 250-m flight path for
high resolution medium energy (p,n) reaction studies, a 15-m
flight path at 30° for fast-neutron capture and gamma-production
experiments, and a 65-m flight ptfh1!t1§5° for (n,p) experiments.
The (p,n) and (n,xy) experiments™"'*“: have already produced
unique nuclear physics informetion from initlal experiments
carried out at HNR1 Figure 10 shows cross !tction angular
distributions for 2C(p,n) at three angles. These spectra
illustrate the ability of experiments at WNR to cover a broad
range of nuclear excitation. The spectra on the right show a
high-resolution plot of the low momentum-transfer region showing
for the first time for (p,n) reactions at 800 MeV, a re¢solved
nuclear transition. The spectra on the left are low rescvlution
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FIGURE 8 Calculated
neutron source strengths
for angles of 90° (top)
and 112° (bottom) for 1
microampera of 800 MeV
proton beam incident on
15-cm thick targets of
different materials.

The solid curve labelled
H(t,n) is calculated for
an 0.5 microampere
tritium beam producing a
monoenergetic neutron
beam

plots of the same data but extending to the delta-preduction

region near 1050 MeV/c.

Vltra Cold Neutron Source

Located to the south of the WNR/PSR complex as seen in

Figure 6, there is a neutrino experiment.

The besm dump for this

area vas designed to be a very efficient thermal neutron source.
Here, one Hz of the beam used to produce neutrinos in a carbon
target is planned to be gteered directly onto a tungsten beamstop.
A vertical neutron flight path, installed and tested in 1984
permics thermal neutrons from an adjacent moderator to be
extracted and used. The UCN are then produced by Doppler shifting
400 meter/second neutrons by Bragg reflection from a moving .
crystal. The apparatus for this was drveloped at Argonne National
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FIGURE 9 Comparison of
neutron fluxes from the
ORELA and WNP. facilities.
The quantities in
parenthesis represent the
frequency and flight path
to achieve maximum neutron
flux in the energy inter-al
E for the given resolution.
The quantity in parenthesic
-2 (1000498} b:- the facility name is the
0 pulse width in nanoseconds
used in the calculation.
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TABLE 2 Machine parameters used to calculate Figure 9

FACILITY PULSE FREQUENCY AVERAGE BEAM TARGET

(cdz) CURRENT OR POWER
ORELA 1000 10 kW Ta. & = 22 em
WNR ~25000 <2 uA U 15-cm LONG

@ = 3 A= 22 cm

Laboratory and is in place at the WNR. Figure 6 shows a layout of
the neutrino area with the UCN flight path near the center.

Although several experiments have been proposed for the UCN,
a measurement or lowering of the limit of the magnitude of the
electric dipole moment (EDM) of the neutron is the most important.
For EDM measurements of the type planned here the accuracy of the
result depends cn the number of neutrons stored in a bottle. For
this experiment the number stored asymptctically approaches the
peak neutron flux. At spallation sources such as WNR, the peak
flux is expacted to be an order of magnitude better than from any
reactor yet built. A further advantage will come from running a
cold moderator more closely coupled to the spallation source than
ia possible in a reactor, thus increasing thg efficiency of
neutron moderation. A density of 120 UCN/cm” 1is expected if the
PSR beam is used with an optimized UCN bgttle. This may be
compared with the 2ensity of 0 05 UCN/cm” reported in 1984 by
Pendlebury et al.l
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JIGURE 10 At left: low resolution 12C(p,n) data showing the

delta-production region near 1050 MeV/c.

At right is an expanded

spctrum in the region of the ground-state transition.
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Figure 11 Elevation view cf the neutrino facility located at the
WNR. The neutron flight path to the UCN apparatue is indicated by
the label NEUTRON PIPE near the center of the drawing.
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The WNR/PSR Facility will be operational during 1985 for Condensed
Matter research s the most intense pulsed-neutron source in the
wvorld. By spring of 1986 the fast-neutron capabilities will be
greatly enhanced with the addition of a multi-use white-neutr:n
source for sasuremenrr in the 1-500 MeV range, and a 250-m flight
path for (p,n) reaction studles. This facility will be heavily
-sed by the Los Alamos staff for a variety of basic and applied
research, but yroposals from outside collaborators: or groups
wishing to conduct experimeats at the WNR/PSR are encouraged.
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